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USER DEVICE, BASE STATION, AND
COMMUNICATION METHOD FOR MOBILE
COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention generally relates to mobile commu-
nication technologies. More particularly, the present inven-
tion relates to a base station, a user device, and a communi-
cation method for a mobile communication system
employing next-generation mobile communication technolo-
gies.

BACKGROUND ART

In the field of mobile communication, successors to the
third-generation mobile communication system are being
discussed by 3GPP, a standardization group for wideband
code division multiple access (W-CDMA). For example,
Long Term Evolution (LTE) is being discussed as a successor
mobile communication system to W-CDMA, high speed
downlink packet access (HSDPA), and high speed uplink
packet access (HSUPA); and successor mobile communica-
tion systems to LTE are also being discussed. Examples of
successor mobile communication systems to LTE include an
IMT-advanced system, an [TE-advanced system, and a
fourth-generation mobile communication system.

In LTE, orthogonal frequency division multiplexing
(OFDM) is to be used as a downlink radio access method and
single-carrier frequency division multiple access (SC-
FDMA) is to be used as an uplink radio access method.
However, in other successor mobile communication systems,
a multicarrier scheme may be used as an uplink radio access
method.

OFDM is a multicarrier transmission scheme where a fre-
quency band is divided into multiple narrow frequency bands
(subcarriers) and data are transmitted on the subcarriers. The
subcarriers are orthogonalized and densely arranged along
the frequency axis to achieve high-speed transmission and
improve frequency efficiency.

SC-FDMA is a single carrier transmission scheme where a
frequency band is divided into multiple frequency bands in a
Fourier-transformed frequency domain and the frequency
bands are allocated to different terminals. SC-FDMA makes
it possible to easily and effectively reduce interference
between terminals as well as to reduce variation of the trans-
mission power. Thus, SC-FDMA is preferable to reduce
power consumption of terminals and to achieve wide cover-
age. SC-FDMA may correspond to a variation of DFT-spread
OFDM where a signal is mapped to a continuous frequency
band. Use of SC-FDMA for uplink is disclosed, for example,
in 3GPP TR 25.814 (V7.0.0) “Physical Layer Aspects for
Evolved UTRA”, June 2006.

In a mobile communication system such as LTE, one or
more resource blocks (RB) or resource units (RU) are allo-
cated to a user device both in downlink and uplink commu-
nications. Resource blocks are shared by multiple user
devices in the system. In LTE, the base station performs a
process called scheduling every subframe (e.g., 1 ms) to
select a user device(s) to which resource blocks are to be
allocated. A subframe may also be called a transmission time
interval (TTI). In downlink, the base station transmits a
shared data channel using one or more resource blocks to a
user device(s) selected in the scheduling. This shared data
channel is called a physical downlink shared channel (PD-
SCH). In uplink, a user device(s) selected in the scheduling
transmits a shared channel to the base station using one or
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30
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2
more resource blocks. This shared channel is called a physical
uplink shared channel (PUSCH).

In a communication system employing shared channels, it
is necessary to signal (or report) allocation information of the
shared channels to user devices basically every subframe. A
downlink control channel used for this signaling is called a
physical downlink control channel (PDCCH) or a downlink
L1/L.2 control channel. A downlink control signal may
include, in addition to the PDCCH, a physical control format
indicator channel (PCFICH) and a physical hybrid ARQ indi-
cator channel (PHICH).

The PDCCH, for example, includes the following informa-
tion (see, for example, 3GPP R1-070103, Downlink 1.1/1.2
Control Signaling Channel Structure: Coding):

Downlink scheduling grant (information)

Uplink scheduling grant

Overload indicator

Transmission power control command bit

The downlink scheduling information may include infor-
mation regarding a downlink shared channel. For example,
the downlink scheduling information may include downlink
resource block allocation information, identification infor-
mation of user devices (UE IDs), the number of streams,
information regarding precoding vectors, data sizes, modula-
tion schemes, and information regarding hybrid automatic
repeat request (HARQ).

The uplink scheduling grant may include information
regarding an uplink shared channel. For example, the uplink
scheduling grant includes uplink resource allocation informa-
tion, identification information of'user devices (UE IDs), data
sizes, modulation schemes, uplink transmission power infor-
mation, and information regarding a demodulation reference
signal used in uplink MIMO.

The PCFICH is used to report the format of the PDCCH.
More specifically, the PCFICH is used to report the number of
OFDM symbols to which the PDCCH is mapped. In LTE, the
number of OFDM symbols to which the PDCCH is mapped is
one, two, or three. The PDCCH is mapped to OFDM symbols
at the beginning of a subframe.

The PHICH includes acknowledgement/negative-ac-
knowledgement information (ACK/NACK) indicating
whether retransmission is necessary for the PUSCH transmit-
ted via uplink. The PHICH indicates acknowledgement or
negative acknowledgement for each transmission unit such as
apacket and therefore can be basically represented by one bit.
Since it is not efficient to wirelessly transmit each PHICH as
is, PHICHs for multiple users are combined to form multi-bit
information and the multi-bit information is code-division-
multiplexed and transmitted wirelessly.

PDCCH, PCFICH, and PHICH may be defined as inde-
pendent channels or PDCCH may be defined to include
PCFICH and PHICH.

In uplink, the PUSCH is used to transmit user data (i.e., a
normal data signal) and control information accompanying
the user data. Also, separately from the PUSCH, a physical
uplink control channel (PUCCH) is provided to transmit, for
example, a downlink channel quality indicator (CQI) and
acknowledgement/negative-acknowledgement information
(ACK/NACK) for the PDSCH. The CQl is used, for example,
for scheduling and adaptive modulation and channel coding
(AMC) of the physical downlink shard channel. In uplink, a
random access channel (RACH) and signals indicating allo-
cation requests for uplink and downlink radio resources may
also be transmitted as necessary.
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DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

A single-carrier scheme is more preferable than a multi-
carrier scheme in terms of reducing the peak-to-average
power ratio (PAPR). Particularly, reducing the PAPR is
important for user devices at the cell edge. Meanwhile, it may
not be so important to reduce the PAPR for user devices near
the base station or with good channel conditions. For
example, for user devices with sufficient transmission power,
it may be more important to efficiently and reliably transmit a
large amount of information. For such user devices, it is
preferable to transmit a signal using a multicarrier scheme.
However, in LTE mobile communication systems, although
OFDM is used for downlink, a single-carrier scheme is used
for uplink. Also, use of a multicarrier scheme for uplink in
current and future mobile communication systems has not
been fully studied yet.

An aspect of the present invention makes it possible to
efficiently transmit at least an uplink control signal in a
mobile communication system employing a multicarrier
scheme.

Means for Solving the Problems

An aspect of the present invention provides a user device
for a mobile communication system employing a multicarrier
scheme. The user device includes a control signal generating
unit generating a control signal and a transmitting unit trans-
mitting the control signal to a base station. The control signal
is mapped to multiple frequency bands that are provided
across a subframe but discontinuous in the frequency domain.
Each of the frequency bands includes subcarriers used in
orthogonal frequency division multiplexing (OFDM).

Advantageous Effect of the Invention

An aspect of the present invention makes it possible to
efficiently transmit at least an uplink control signal in a
mobile communication system employing a multicarrier
scheme.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a mobile communication
system,

FIG. 2 is a drawing illustrating a control information trans-
mission method (1);

FIG. 3 is a drawing illustrating a control information trans-
mission method (2);

FIG. 4 is a drawing illustrating a control information trans-
mission method (3);

FIG. 5 is a drawing illustrating a control information trans-
mission method (4);

FIG. 6 is a drawing illustrating a control information trans-
mission method (5);

FIG. 7A is a drawing illustrating a control information
transmission method (6);

FIG. 7B is a drawing illustrating a control information
transmission method (7);

FIG. 8 is a drawing illustrating a variation of the control
information transmission method (6);

FIG. 9 is a drawing illustrating a control information trans-
mission method (8);

FIG. 10 is a drawing illustrating a control information
transmission method (9);
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FIG. 11 is a drawing illustrating a
transmission method (10);

FIG. 12 is a drawing illustrating a
transmission method (11);

FIG. 13 is a drawing illustrating a
transmission method (12);

FIG. 14 is a drawing illustrating a
transmission method (13);

FIG. 15 is a drawing illustrating a
transmission method (14);

FIG. 16 is a drawing illustrating a
transmission method (15);

FIG. 17 is a drawing illustrating a
transmission method (16);

FIG. 18 is a drawing illustrating a
transmission method (17);

FIG. 19 is a drawing illustrating a
transmission method (18);

FIG. 20 is a drawing illustrating a control information
transmission method (19);

FIG. 21 is a drawing illustrating an exemplary configura-
tion of a control channel;

FIG. 22 is a drawing illustrating another exemplary con-
figuration of a control channel;

FIG. 23 A is a partial functional block diagram of an exem-
plary user device;

FIG. 23B is a partial functional block diagram of an exem-
plary user device;

FIG. 24 A is a partial functional block diagram of an exem-
plary user device;

FIG. 24B is a partial functional block diagram of an exem-
plary user device; and

FIG. 25 is a partial functional block diagram of an exem-
plary base station.

control information
control information
control information
control information
control information
control information
control information
control information

control information

BEST MODE FOR CARRYING OUT THE
INVENTION

Although descriptions of the present invention are divided
into the following sections, the distinctions between those
sections are not essential for the present invention, and the
descriptions in two or more sections may be combined as
necessary. Although specific values are used in the descrip-
tions below to facilitate the understanding of the present
invention, the values are just examples and any other appro-
priate values may also be used unless otherwise mentioned.

A. System

B. Transmission method of uplink control channel

C. Uplink control channel (OFDM)

D. Uplink control channel (DFT-spread OFDM)

E. Uplink data channel (OFDM)

F. Uplink data channel (DFT-spread OFDM)

G. Configuration of control channel (block modulation)

H. Configuration of control channel (non-block modula-
tion)

1. User device

J. Base station
<<First Embodiment>>
<A. System>

FIG. 1 is a schematic diagram of a mobile communication
system 1000. The mobile communication system 1000
includes a cell 50; user devices (user equipment: UE) 100,
100, and 100, (may also be called the user device 100 and the
user devices 100); a base station 200 wirelessly communicat-
ing with the user devices 100, an upper node 300 connected to
the base station 200, and a core network 400 connected to the
upper node 300. The upper node 300 is, for example, a radio
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network controller (RNC), an access gateway (aGW), or a
mobility management entity (MME). In the mobile commu-
nication system 1000 of this embodiment, a multicarrier
scheme is used for both uplink and downlink. Although any
appropriate multicarrier scheme may be used, OFDM or
DFT-spread OFDM is preferably used in this embodiment.
Also, the mobile communication system 1000 may use both a
single-carrier scheme and a multicarrier scheme. For
example, OFDM may be used in an area where radio propa-
gation conditions are good (e.g., an area near a base station),
and a single-carrier scheme (SC-FDMA) may be used in an
area where radio propagation conditions are poor (e.g., an
area near the cell edge).

In the descriptions below, it is assumed that the user device
100 transmits control information to the base station 200, and
the control information includes uplink [.1/L.2 control infor-
mation, acknowledgement/negative-acknowledgement
information (ACK/NACK) for a data channel transmitted via
downlink, and/or a channel quality indicator (CQI) indicating
downlink channel conditions. However, the control informa-
tion may include any other appropriate information.

Below, control information transmission methods accord-
ing to an embodiment of the present invention are described.
The control information transmission methods described
below are examples and do not encompass the entire scope of
the present invention.
<B. Control Information Transmission Method>
(Method 1)

FIG. 2 is a drawing illustrating a control information trans-
mission method (1). In this example, two narrow frequency
bands are provided at the right and left ends of a system
frequency band including multiple (frequency) resource
blocks. The system frequency band, for example, has a band-
width of 5 MHz, 10 MHz, or 20 MHz. The two frequency
bands at the right and left ends are reserved for transmission
of control information. Here, for descriptive purposes, the
frequency band at the low frequency end is called a first
control frequency band and the frequency band at the high
frequency end is called a second control frequency band. For
example, one resource block has a bandwidth of about 180
kHz, and each of the first and second control frequency bands
has a bandwidth corresponding to the bandwidth of one
resource block. For example, when the system bandwidth is 5
MHz, the system frequency band includes 25 resource blocks
(#1-#25), a first resource block #1 corresponds to the first
control frequency band, and a twenty-fifth resource block #25
corresponds to the second control frequency band. One radio
frame, for example, includes a predetermined number (e.g.,
10) of 1-ms subframes. Each subframe includes, for example,
two 0.5-ms slots.

However, these values are just examples, and any other
appropriate values may be used. The system frequency band
is also called a basic frequency band and the entire frequency
band may include one or more basic frequency bands.

In the example shown in FIG. 2, control information is
transmitted from user A to the base station in first and second
slots that are consecutive. The first control frequency band is
used in the first slot and the second control frequency band is
used in the second slot. Thus, control information is transmit-
ted according to a frequency hopping pattern using frequency
bands that are widely apart from each other in the system
bandwidth. This method makes it possible to achieve a high
frequency diversity gain and is therefore preferable to
improve the reception quality of control information. In this
example, frequency hopping is performed by changing fre-
quency bands every slot. However, frequency bands may be
changed less frequently (e.g., every subframe) or more fre-
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quently (e.g., every symbol in a slot). Since the first and
second control frequency bands are not used at the same time,
this method may also be applied to a system employing a
single-carrier scheme. As described above, in this embodi-
ment, one subframe corresponds to one TTI. However, this is
not essential for the present invention.

(Method 2)

FIG. 3 is a drawing illustrating a control information trans-
mission method (2). In FIG. 3, similarly to FIG. 2, control
information is transmitted from user A to the base station
using the first and second control frequency bands. In this
method, however, the first and second control frequency
bands are used at the same. This method is applicable only to
a system employing a multicarrier scheme. Since the first and
second control frequency bands are used throughout the sub-
frame (or two slots), this method provides transmission
capacity greater than that provided by the method of FIG. 2.
This method is preferable when the number of symbols or bits
of control information of each user is large, when the number
of multiplexed users is large, or when the radio propagation
conditions are poor. When the channel conditions are good, it
is possibleto achieve desired quality without much increasing
the size of data having a given number of bits. However, when
the radio propagation conditions are poor, it is necessary to
increase a redundant signal to achieve desired quality and as
a result, the size of data increases. Therefore, the method (2)
is preferable when the radio propagation conditions are poor.

In this embodiment, either OFDM or DFT-spread OFDM
may be used for communications based on a multicarrier
scheme. A single-carrier scheme is more preferable than a
multicarrier scheme in terms of reducing the peak power.
Similarly, DFT-spread OFDM is more preferable than OFDM
in terms of reducing the peak power. This is due to the differ-
ence in the number of subcarriers.
<C. Uplink Control Channel (OFDM)>
(Method 3)

FIG. 4 is a drawing illustrating a control information trans-
mission method (3). In this method, control information is
transmitted according to OFDM. Let us assume that each of
the first and second control frequency bands corresponds to
one resource block, and one resource block has a bandwidth
ot 180 kHz and includes 12 OFDM subcarriers (one subcar-
rier=15 kHz). Based on this assumption, 12 subcarriers are
provided for transmission of control information in each of
the first and second control frequency bands (a total of 24
subcarriers).

The first and second control frequency bands are used by
one or more user devices. Any known multiplexing method
may be used to multiplex users. In this embodiment, fre-
quency division multiple access (FDMA), code division mul-
tiple access (CDMA), or time division multiple access
(TDMA) is used to multiplex users.

(Method 4—FDMA)

FIG. 5 is a drawing illustrating a control information trans-
mission method (4): FDMA. In FIG. 5, multiple subcarriers
are divided by the number of multiplexed users. Based on the
assumption described in the method (3), when three users are
to be multiplexed, 12/3=4 subcarriers are allocated to each
user in the first control frequency band. Similarly, 12/3=4
subcarriers are allocated to each user in the second control
frequency band. Control information of each user is mapped
to the subcarriers allocated by FDMA and transmitted.
(Method 5—CDMA)

FIG. 6 is a drawing illustrating a control information trans-
mission method (5): CDMA. In this method, control infor-
mation of each user is spread by a unique spreading code and
mapped to all subcarriers in the first and second control fre-
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quency bands. Spreading may be performed only in the fre-
quency or time direction or both in the frequency and time
directions.

(Method 6—TDMA)

FIG. 7A is a drawing illustrating a control information
transmission method (6): TDMA. In this method, one sub-
frame is divided into first and second slots, and different sets
of information are transmitted in the first slot and the second
slot in each of the first and second control frequency bands.
Control information of each user is mapped to a time period
allocated by TDMA and transmitted. One subframe may also
be divided by TDMA into any appropriate time periods other
than slots. For example, as shown in FIG. 8, one subframe
may be divided into time periods corresponding to OFDM
symbols. However, it is preferable to transmit control infor-
mation of each user within a continuous short time period
(one half of TTI, i.e., one slot) as shown in FIG. 7A in order
to reduce delay for the user.

(Method 7—TDMA/FDMA)

It is also possible to combine TDMA and FDMA.

FIG. 7B is a drawing illustrating a combination of TDMA
and FDMA. As shown in FIG. 7B, one subframe is divided
into first and second slots, and different sets of information
are transmitted in the first slot and the second slot in each of
the first and second control frequency bands. In this method,
FDMA is also applied to each slot. Although each of the first
and second control frequency bands is divided into two fre-
quency bands in FIG. 7B, the first and second control fre-
quency bands may be divided into any number of frequency
bands.
<D. Uplink Control Channel (DFT-Spread OFDM)>
(Method 8)

FIG. 9 is a drawing illustrating a control information trans-
mission method (8). In this method, control information is
transmitted using DFT-spread OFDM. In DFT-spread
OFDM, a signal before transmission is discrete-Fourier-
transformed, the transformed signal is mapped to one or more
frequency ranges in the frequency domain, and the mapped
signal is inverse-Fourier-transformed for transmission. Thus,
with DFT-spread OFDM, both a single-carrier signal and a
multicarrier signal can be generated. In the example below,
DFT-spread OFDM is performed such that a control signal is
mapped to both of the first and second control frequency
bands. Let us assume that each of the first and second control
frequency bands corresponds to one resource block, and one
resource block has a bandwidth of 180 kHz.

In this method, both of the first and second control fre-
quency bands are used to transmit control information of a
user, but a single-carrier scheme is used in each of the firstand
second control frequency bands. More specifically, control
information of one user is transmitted using two subcarriers.
That is, two single-carrier signals are transmitted in parallel.
Interms of reducing the peak-to-average power ratio (PAPR),
this method is more preferable than the method of FIG. 4
where a multicarrier signal is generated as a prerequisite.

The first and second control frequency bands are used by
one or more user devices. Any known multiplexing method
may be used to multiplex users. In this embodiment, code
division multiple access (CDMA) or time division multiple
access (IDMA) is used to multiplex users.

(Method 9—CDMA)

FIG. 10 is a drawing illustrating a control information
transmission method (9): CDMA. In this method, similarly to
the method of FIG. 6, control information of each user is
spread by a unique spreading code and mapped to the firstand
second control frequency bands. However, the method of
FIG. 10 is different from the method of FIG. 6 in that a single
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carrier scheme is used to transmit control information in each
of' the first and second control frequency bands.

(Method 10)

FIG. 11 is a drawing illustrating a control information
transmission method (10). In FIG. 10, sets of control infor-
mation of different users are code-division-multiplexed.
Meanwhile, in FIG. 11, sets of control information of the
same user are code-division multiplexed. For example, ACK/
NACK and a CQI of the same user are code-division-multi-
plexed for transmission.

(Method 11)

FIG. 12 is a drawing illustrating a control information
transmission method (11). Also in this method, sets of control
information of different users are code-division-multiplexed.
In FIG. 12, users of a system (e.g., an LTE system) where
control information is transmitted by a single-carrier scheme
as shown in FIG. 2 and users of a system (e.g., an LTE-
advanced (LTE-A) system) where control information is
transmitted by a multicarrier scheme are code-division-mul-
tiplexed in the same subframe. Control information is trans-
mitted by a single carrier scheme in each of the first and
second control frequency bands. That is, although a multicar-
rier scheme is used in this method, signals are transmitted, in
effect, by a single-carrier scheme in each of the two frequency
bands at the right and left ends of the system frequency band.
Therefore, when only the first control frequency band is con-
sidered, signals of both systems are transmitted by a single-
carrier scheme. Similarly, when only the second control fre-
quency band is considered, signals of both systems are
transmitted by a single-carrier scheme. Thus, this method
makes it possible to code-division-multiplex signals of users
of new and old systems. When an old system employs a
single-carrier scheme and a new system employs OFDM, it is
difficult to multiplex control information of those systems by
a normal code division multiplexing method. Meanwhile, a
user multiplexing method based on a single-carrier scheme
and CDM makes it possible to improve the compatibility
(backward compatibility) of a new system with an old system.

(Method 12— TDMA)

FIG. 13 is a drawing illustrating a control information
transmission method (12): TDMA. In this method, one sub-
frame is divided into first and second slots, and different sets
of information are transmitted in the first slot and the second
slot. Control information of each user is mapped to a time
period allocated by TDMA and is transmitted. The subframe
may be divided by TDMA not only into slots but into any
other appropriate time periods. For example, as shown in FIG.
8, one subframe may be divided into time periods correspond-
ing to OFDM symbols. However, it is preferable to transmit
control information of each user within a continuous short
time period (one half of TTI, i.e., one slot) as shown in FIG.
13 in order to reduce delay for the user.

(Method 13)

FIG. 14 is a drawing illustrating a control information
transmission method (13). In FIG. 12, LTE-A users are code-
division-multiplexed. Meanwhile, in the example shown in
FIG. 14, LTE-A users are time-division-multiplexed. Also,
LTE users and LTE-A users are code-division-multiplexed in
a manner similar to FIG. 12. This method is preferable to
improve the compatibility (backward compatibility) of a new
system with an old system as well as to reduce delay for
LTE-A users.
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<E. Using Same Frequency Band as Uplink Data Channel>

Uplink control information may be transmitted separately
from a data channel or together with a data channel.
(Method 14)

FIG. 15 is a drawing illustrating a control information
transmission method (14). In FIG. 15, a data channel is
mapped to a continuous frequency band according to DFT-
spread OFDM and transmitted via uplink. This corresponds
to a case where a data channel is transmitted using one or
more adjacent resource blocks in an LTE system. In the
method of FIG. 15, however, control information is also trans-
mitted using the resource blocks of the data channel. Since the
resource blocks are consecutive, a single-carrier method can
be used for transmission.

(Method 15)

FIG. 16 is a drawing illustrating a control information
transmission method (15). Also in this method, control infor-
mation is transmitted using the resource blocks of a data
channel and the data channel is mapped to frequency bands
according to DFT-spread OFDM. In this method, however,
the data channel is not mapped to a continuous frequency
band, but mapped to multiple frequency bands that are not
continuous in the frequency domain. In this case, the single-
carrier scheme cannot be used for transmission and at least
two subcarriers are necessary for transmission (i.e., one or
more subcarriers are necessary for each continuous frequency
band).

(Method 16)

FIG. 17 is a drawing illustrating a control information
transmission method (16). Also in this method, control infor-
mation is transmitted using the resource blocks of a data
channel. In this method, however, the data channel is trans-
mitted according to OFDM. Therefore, the data channel is
transmitted using various subcarriers in the system frequency
band.
<F. Using Frequency Band Different from Uplink Data Chan-
nel>
(Method 17)

FIG. 18 is a drawing illustrating a control information
transmission method (17). In this method, control informa-
tion is transmitted using the first and second control fre-
quency bands and a data channel is transmitted using other
frequency bands according to OFDM. Similarly to FIG. 4,
control information is transmitted according to OFDM.
(Method 18)

FIG. 19 is a drawing illustrating a control information
transmission method (18). Also in this method, control infor-
mation is transmitted using the first and second control fre-
quency bands and a data channel is transmitted using other
frequency bands according to OFDM. Similarly to FIG. 9,
control information is transmitted according to DFT-spread
OFDM.

(Method 19)

FIG. 20 is a drawing illustrating a control information
transmission method (19). Also in this method, control infor-
mation is transmitted using the first and second control fre-
quency bands. Similarly to FIG. 15, a data channel is trans-
mitted using other frequency bands according to DFT-spread
OFDM. Also, similarly to FIG. 9, control information is
transmitted according to DFT-spread OFDM.
<@. Configuration of Control Channel (Block Modulation)>

FIG. 21 is a drawing illustrating an exemplary configura-
tion of a control channel. In this example, it is assumed that
one subframe (TTT) of 1 ms is divided into two slots 0of 0.5 ms,
and each slot includes seven OFDM symbols. It is also
assumed that two of the seven OFDM symbols are used for a
pilot channel (reference signal). Accordingly, the remaining
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five OFDM symbols can be used to transmit information
other than the pilot channel. As is obvious for a person skilled
in the art, the length of a subframe, the number of slots, and
the number of OFDM symbols may be changed as necessary.

In this example, each of the five OFDM symbols of user
UE_A includes the same CAZAC code sequence CAZACI.
The CAZAC code sequence CAZACI, for example, has a
sequence length of 12. Code sequences obtained by cyclically
shifting the CAZAC code sequence CAZAC1 are also
CAZAC code sequences and are orthogonal to each other. In
the example of FIG. 21, the above characteristics of CAZAC
code sequences are used. An orthogonal code sequence used
for another user UE_B is obtained by cyclically shifting the
CAZAC code sequence CAZAC1 used for user UE_A by a
shiftamount A. The entire CAZAC code sequence CAZAC1
may be multiplied by the same factor. Even in this case, code
sequences obtained by cyclically shifting the CAZAC code
sequence CAZAC1 become orthogonal to each other. Modu-
lation data A1 through modulation data A5 foruser UE_A are
prepared. The entire CAZAC code sequence CAZACI in a
first OFDM symbol is multiplied by the modulation data A1.
Similarly, the entire CAZAC code sequence CAZACI in each
of second through fifth OFDM symbols is multiplied by a
corresponding one of the modulation data A2 through AS.
The modulation data A1l through A5 may be different from
each other, or two or more of them may be the same. The
modulation data, for example, represent the acknowledge-
ment/negative-acknowledgement (ACK/NACK) information
for a downlink data channel. Alternatively, the modulation
data may represent a downlink channel quality indicator
(CQI) measured based on a downlink pilot channel (downlink
reference signal).

In this example, up to five sets of information can be
transmitted for each user in one slot, and users are code-
division-multiplexed using spreading codes with a sequence
length of 12.
<H. Configuration of Control Channel (Non-Block Modula-
tion)>

FIG. 22 is a drawing illustrating an exemplary configura-
tion of a control channel. The length of a subframe, the
number of slots, and the number of OFDM symbols are based
on the same assumption as in FIG. 21 and may be changed as
necessary. In this example, it is also assumed that one OFDM
symbol includes 12 symbol elements. In the example of FIG.
21, the 12 symbol elements correspond to the sequence ele-
ments of the CAZAC code sequence. Meanwhile, in the
example of FIG. 22, 12 symbol elements SA in an OFDM
symbol of user UE_A represent control information of user
UE_A. Each of the five OFDM symbols of user UE_A
includes 12 symbol elements SA. The five OFDM symbols
are multiplied, respectively, by spreading codes CA1 through
CAS5 with a sequence length of 5. Similarly, 12 symbol ele-
ments SB in an OFDM symbol of user UE_B represent con-
trol information of user UE_B. Each of the five OFDM sym-
bols of user UE_B includes 12 symbol elements SB. The five
OFDM symbols are multiplied, respectively, by spreading
codes CB1 through CBS with a sequence length of 5.

In this example, up to 12 sets of information can be trans-
mitted for each user in one slot, and users are code-division-
multiplexed using spreading codes with a sequence length of
5. This method makes it possible to transmit a larger amount
of information for each user.
<I. User Device>

FIG. 23 A is a partial functional block diagram of an exem-
plary user device. As shown in FIG. 23 A, the user device
includes a signal generating unit 231, a discrete Fourier trans-
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form unit (DFT) 233, a subcarrier mapping unit 235, and an
inverse fast Fourier transform unit (IFFT) 237.

The signal generating unit 231 generates a sequence for a
transmission signal. This sequence is in the time domain. The
signal generating unit 231 may be configured to generate any
appropriate transmission signal. In a certain situation where a
predetermined signal is to be transmitted, the signal generat-
ing unit 231 generates a signal sequence representing a CQI
indicating a downlink reception level or quality even if the
uplink shared data channel is not allocated to the user device.
When acknowledgement/negative-acknowledgement infor-
mation foradownlink shared data channel received via down-
link is generated, the signal generating unit 231 generates a
signal sequence representing the acknowledgement/nega-
tive-acknowledgement information. The acknowledgement/
negative-acknowledgement information indicates either
acknowledgement (ACK) or negative acknowledgement
(NACK).

The discrete Fourier transform unit (DFT) 233 discrete-
Fourier-transforms the time-domain signal sequence received
from the signal generating unit 231 and thereby generates a
frequency-domain signal sequence.

The subcarrier mapping unit 235 maps the frequency-do-
main signal sequence to a frequency band(s) (subcarrier(s))
available for uplink. Normally, the subcarrier mapping unit
235 maps the signal sequence to one or both of the first and
second control frequency bands provided at the correspond-
ing ends of the system frequency band. When a single-carrier
scheme is used for uplink, the signal is mapped so as to
occupy one continuous frequency band at any moment.

The inverse fast Fourier transform unit (IFFT) 237 inverse-
fast-Fourier-transforms the mapped signal and thereby trans-
forms the signal into a time-domain signal. Then, the time-
domain signal is transmitted via a radio transmission unit (not
shown).

FIG. 23B is a partial functional block diagram of another
exemplary user device. In the user device of FIG. 23B, a
signal generating unit 232 generates a transmission signal in
the frequency domain. Therefore, the signal generated by the
signal generating unit 232 is simply converted from serial to
parallel by a serial-parallel conversion unit (S/P) 234 and
input to a subcarrier mapping unit 236. The subcarrier map-
ping unit 236 and an inverse fast Fourier transform unit
(IFFT) 238 have substantially the same functions as the cor-
responding components shown in FIG. 23A, and therefore
their descriptions are omitted here.

In both of the user devices shown in FIGS. 23A and 23B,
the subcarrier mapping unit 235,236 is configured to map a
signal such that discontinuous frequency bands are not used at
the same time. Therefore, the signal (control signal) can be
transmitted using a single-carrier scheme. Accordingly, the
user devices of FIGS. 23 A and 23B can be used for a system
where, for example, one of the transmission methods of
FIGS. 2, 7B, 11, and 15 is employed.

FIG. 24 A is a partial functional block diagram of an exem-
plary user device that can use both a single-carrier scheme
and a multicarrier scheme to transmit a signal. As shown in
FIG. 24A, the user device includes a signal generating unit
241, a serial-parallel conversion unit (S/P) 243, a subcarrier
mapping unit 245, and an inverse fast Fourier transform unit
(IFFT) 247.

The signal generating unit 241 generates a signal sequence
in the frequency domain.

The serial-parallel conversion unit (S/P) 243 converts a
serial signal sequence in the frequency domain into a parallel
signal sequence.
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The sub-carrier mapping unit 245 maps the signal in the
frequency domain to subcarriers. The user device of FIG. 24A
is capable of transmitting an uplink signal using a multicarrier
scheme. The multicarrier signal may be generated according
to OFDM or DFT-spread OFDM. When DFT-spread OFDM
is employed, the user device of FIG. 24A is equivalent to the
user devices of FIGS. 23A and 23B that can use a multicarrier
scheme for uplink in addition to a single-carrier scheme.

The inverse fast Fourier transform unit (IFFT) 247 inverse-
fast-Fourier-transforms the mapped signal and thereby trans-
forms the mapped signal into a time-domain signal. Then, the
time-domain signal is transmitted via a radio transmission
unit (not shown).

Let us assume that a signal is transmitted by the transmis-
sion method shown in FIG. 3, and each of the first and second
control frequency bands corresponds to one resource block
that includes 12 subcarriers. In this case, the user device of
FIG. 24 A can transmit an uplink control signal using, at the
maximum, a frequency band (12x2=24 subcarriers) corre-
sponding to two resource blocks at the same time.

FIG. 24B is a partial functional block diagram of still
another exemplary user device. The user device of FIG. 24B
is substantially the same as the user device of F1G. 24 A except
that a signal is generated for each resource block. Accord-
ingly, radio transmission signals transmitted from the user
devices of FIGS. 24 A and 24B have similar waveforms. How-
ever, the user device of FIG. 24A can achieve higher code
spreading gain and is therefore more preferable than the user
device of FIG. 24B. With the user device of FIG. 24 A, the
maximum spreading factor in the frequency direction is 24
(24 subcarriers). Meanwhile, with the user device of FIG.
24B, the maximum spreading factor in the frequency direc-
tion is 12 (12 subcarriers). This difference has particularly
great significance when spreading is performed two-dimen-
sionally both in the time and frequency directions.
<J. Base Station>

FIG. 25 is a functional block diagram of a base station. As
shown in FIG. 25, the base station includes a synchronization-
detection-and-channel-estimation unit 251, a guard interval
removing unit 252, a fast Fourier transform unit (FFT) 253, a
subcarrier demapping unit 254, a data demodulation unit 255,
a data decoding unit 256, and an ACK/NACK determining
unit 257.

The  synchronization-detection-and-channel-estimation
unit 251 performs synchronization detection and channel
estimation based on a pilot channel received via uplink.

The guard interval removing unit 252 removes guard inter-
vals from a received signal according to the synchronization
timing of the received signal.

The fast Fourier transform unit (FFT) 253 fast-Fourier-
transforms the received signal and thereby transforms the
received signal in the time domain into a signal in the fre-
quency domain.

The subcarrier demapping unit 254 extracts a signal
mapped to subcarriers. The signal may include only a control
channel or both a control channel and a data channel.

The data demodulation unit 255 performs data demodula-
tion on the received signal.

The data decoding unit 256 performs data decoding on the
data-demodulated signal.

The data demodulation and the data decoding are per-
formed for a control channel and a data channel separately.
However, for brevity, those processes are represented collec-
tively in FIG. 25.

The ACK/NACK determining unit 257 determines whether
the uplink data channel has been properly received by, for
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example, performing error detection. For example, the error
detection may be performed by cyclic redundancy check
(CRC).

<Advantageous Effects of Embodiments>

An embodiment of the present invention provides a user
device for a mobile communication system employing a mul-
ticarrier scheme. The user device includes a control signal
generating unit generating a control signal and a transmitting
unit transmitting the control signal to a base station. The
control signal is mapped to multiple frequency bands that are
provided across a subframe but discontinuous in the fre-
quency domain. Each of the frequency bands includes sub-
carriers used in orthogonal frequency division multiplexing
(OFDM). This configuration makes it possible to transmit the
control signal using OFDM and thereby makes it possible to
transmit a large amount of information and/or highly accurate
information at high speed.

The control signal may be mapped to a subcarrier(s) allo-
cated by frequency division multiple access (FDMA). This
configuration makes it possible to accurately separate signals
of multiple users.

The control signal may be spread by a spreading code used
in code division multiple access (CDMA). This configuration
makes it possible to increase the number of multiplexed users.
The control signal may be two-dimensionally spread both in
the time domain and the frequency domain.

The control signal may be transmitted in a time period
allocated by time division multiple access (TDMA). This
configuration makes it possible to accurately separate signals
transmitted in different time periods.

A subframe may include a predetermined number of pilot
transmission periods for transmitting a pilot channel and a
predetermined number of information transmission periods
for transmitting information other than the pilot channel. A
signal including an orthogonal code sequence with a
sequence length corresponding to the length of each of the
information transmission periods may be transmitted in each
of the information transmission periods and the entire
orthogonal code sequence may be multiplied by (the same)
one factor. This configuration makes it possible to distinguish
users by orthogonal codes and thereby to reduce interference
between users.

Alternatively, a subframe may include a first number of
pilot transmission periods for transmitting a pilot channel and
a second number of information transmission periods for
transmitting information other than the pilot channel. A con-
trol signal may be transmitted in each of the second number of
information transmission periods and the control signal may
be multiplied by a spreading code having a sequence length
that equals the second number. This configuration makes it
possible to increase the amount of information that can be
transmitted for each user.

The user device further includes a data signal generating
unit generating a data signal. The data signal is mapped to
multiple frequency bands provided separately from the fre-
quency bands for the control signal. The frequency bands for
the data signal are provided across a subframe but discontinu-
ous in the frequency domain. Each ofthe frequency bands for
the data signal may include subcarriers used in OFDM. This
configuration makes it possible to transmit the control signal
using OFDM and thereby makes it possibleto transmit a large
amount of information and/or highly accurate information at
high speed.

Anembodiment of the present invention provides a method
performed by a user device for a mobile communication
system employing a multicarrier scheme. The method
includes a step of generating a control signal and a step of
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transmitting the control signal to a base station. The control
signal is mapped to multiple frequency bands that are pro-
vided across a subframe but discontinuous in the frequency
domain. Each of the frequency bands includes subcarriers
used in orthogonal frequency division multiplexing (OFDM).

An embodiment of the present invention provides a base
station for a mobile communication system employing amul-
ticarrier scheme. The base station includes a receiving unit
receiving a control signal from at least one user device and a
restoring unit restoring the received control signal to an origi-
nal signal before transmission (a pre-transmission signal).
The control signal from the user device is extracted from
multiple frequency bands that are provided across a subframe
but discontinuous in the frequency domain. Each of the fre-
quency bands includes subcarriers used in orthogonal fre-
quency division multiplexing (OFDM).

The control signal may be despread by a spreading code
used in code division multiple access (CDMA).

The control signal may be transmitted in a time period
allocated by time division multiple access (TDMA).

The subframe may include a predetermined number of
pilot transmission periods for transmitting a pilot channel and
a predetermined number of information transmission periods
for transmitting information other than the pilot channel. A
signal including an orthogonal code sequence with a
sequence length corresponding to the length of each of the
information transmission periods may be received in each of
the information transmission periods and the entire orthogo-
nal code sequence may be multiplied by (the same) one factor.
Alternatively, a subframe may include a first number of pilot
transmission periods for transmitting a pilot channel and a
second number of information transmission periods for trans-
mitting information other than the pilot channel. A control
signal may be received in each of the second number of
information transmission periods and the control signal may
be multiplied by a spreading code having a sequence length
that equals the second number.

The base station may also receive a data signal from the
user device. The data signal is extracted from multiple fre-
quency bands provided separately from the frequency bands
for the control signal. The frequency bands for the data signal
are provided across a subframe but discontinuous in the fre-
quency domain. Each of the frequency bands for the data
signal may include subcarriers used in OFDM.

An embodiment of the present invention provides a method
performed by a base station for a mobile communication
system employing a multicarrier scheme. The method
includes a step of receiving a control signal from at least one
user device and a step of restoring the received control signal
to an original signal before transmission. The control signal
from the user device is extracted from multiple frequency
bands that are provided across a subframe but discontinuous
in the frequency domain. Each of the frequency bands may
include subcarriers used in orthogonal frequency division
multiplexing (OFDM).

The present invention may be applied to any appropriate
mobile communication system where a multicarrier scheme
is used for uplink. A mobile communication system employ-
ing a multicarrier scheme according to an embodiment of the
present invention may be combined with any other appropri-
ate mobile communication system. For example, a mobile
communication system according to an embodiment of the
present invention may be used together with an HSDPA/
HSUPA W-CDMA system, an LTE system, an IMT-Ad-
vanced system, a WiIMAX system, or a Wi-Fi system.

The present invention is not limited to the specifically
disclosed embodiments, and variations and modifications
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may be made without departing from the scope of the present
invention. Although specific values are used in the above
descriptions to facilitate the understanding of the present
invention, the values are just examples and different values
may also be used unless otherwise mentioned. Although spe-
cific formulas are used in the above descriptions to facilitate
the understanding of the present invention, the formulas are
just examples and different formulas may also be used unless
otherwise mentioned. The distinctions between the embodi-
ments are not essential for the present invention, and the
embodiments may be used individually or in combination.
Although functional block diagrams are used to describe
apparatuses in the above embodiments, the apparatuses may
be implemented by hardware, software, or a combination of
them.

The present international application claims priority from
Japanese Patent Application No. 2008-163843 filed on Jun.
23,2008, the entire contents of which are hereby incorporated
herein by reference.

EXPLANATION OF REFERENCES

50 Cell

1004, 100,, 100, User device

200 Base station

300 Upper node

400 Core network

231 Signal generating unit

233 Discrete Fourier transform unit (DFT)
235 Subcarrier mapping unit

237 Inverse fast Fourier transform unit (IFFT)
232 Signal generating unit

234 Serial-parallel conversion unit (S/P)
236 Subcarrier mapping unit

238 Inverse fast Fourier transform unit
241 Signal generating unit

243 Serial-parallel conversion unit (S/P)
245 Subcarrier mapping unit

247 Inverse fast Fourier transform unit

The invention claimed is:
1. A user device for a mobile communication system
employing a multicarrier scheme, the user device comprising:

a control signal generating unit generating a control signal;

a data signal generating unit generating a data signal; and

a transmitting unit transmitting the control signal and the
data signal to a base station,

wherein the control signal is mapped to multiple frequency
bands that are provided throughout a time period of a
subframe but are separated from each other in a fre-
quency domain;

wherein the control signal is two-dimensionally spread by
a spreading code both in a time domain and in the fre-
quency domain,

wherein the data signal is mapped to multiple frequency
bands provided separately from the frequency bands for
the control signal,

wherein the frequency bands for the data signal are pro-
vided throughout the time period of the subframe but are
separated from each other in the frequency domain,
wherein each of the frequency bands for the control
signal and the data signal includes subcarriers used in
orthogonal frequency division multiplexing,

wherein the subframe includes a first number of pilot trans-
mission periods for transmitting a pilot channel and a
second number of information transmission periods for
transmitting information other than the pilot channel,
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wherein OFDM symbols are used to transmit information
other than the pilot channel where each OFDM symbol
includes the same CAZAC code sequence and the entire
CAZAC code sequence in a first OFDM symbol is mul-
tiplied by modulation data where the modulation data is
representative of acknowledgment information for a
downlink data channel;

wherein the control signal is transmitted in each of the
second number of information transmission periods, and

wherein the control signal is multiplied by a spreading
code having a sequence length that equals the second
number,

wherein the control signal transmits control information
comprising of at least uplink [.1/1.2 control information,
acknowledgement/negative-acknowledgement (ACK/
NACK) information for a data channel transmitted via
downlink, and a channel quality indicator (CQI) indicat-
ing downlink channel conditions.

2. The user device as claimed in claim 1, wherein the
control signal is mapped to subcarriers allocated by fre-
quency division multiple access (FDMA).

3. The user device as claimed in claim 1, wherein the
control signal is transmitted in a time period allocated by time
division multiple access (TDMA).

4. The user device as claimed in claim 1, wherein

the subframe includes a predetermined number of pilot
transmission periods for transmitting a pilot channel and
a predetermined number of information transmission
periods for transmitting information other than the pilot
channel;

a signal including an orthogonal code sequence is trans-
mitted in each of the information transmission periods;
and

the orthogonal code sequence has a sequence length cor-
responding to a length of each of the information trans-
mission periods and the entire orthogonal code sequence
is multiplied by one factor.

5. A method performed by a user device for a mobile
communication system employing a multicarrier scheme, the
method comprising the steps of:

generating a control signal;

transmitting the control signal to a base station, wherein the
control signal is mapped to multiple frequency bands
that are provided throughout a time period of a subframe
but are separated from each other in a frequency domain;

wherein the control signal is two dimensionally spread by
a spreading code both in a time domain and in the fre-
quency domain,

wherein the data signal is mapped to multiple frequency
bands provided separately from the frequency bands for
the control signal,

wherein the frequency bands for the data signal are pro-
vided throughout the time period of the subframe but are
separated from each other in the frequency domain,

wherein each of the frequency bands for the control signal
and the data signal includes subcarriers used in orthogo-
nal frequency division multiplexing

wherein the subframe includes a first number of pilot trans-
mission periods for transmitting a pilot channel and a
second number of information transmission periods for
transmitting information other than the pilot channel,

wherein OFDM symbols are used to transmit information
other than the pilot channel where each OFDM symbol
includes the same CAZAC code sequence and the entire
CAZAC code sequence in a first OFDM symbol is mul-
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tiplied by modulation data where the modulation data is
representative of acknowledgment information for a
downlink data channel;
wherein the control signal is transmitted in each of the
second number of information transmission periods, and

wherein the control signal is multiplied by a spreading
code having a sequence length that equals the second
number,

wherein the control signal transmits control information

comprising of at least uplink [.1/1.2 control information,
acknowledgement/negative-acknowledgement (ACK/
NACK) information for a data channel transmitted via
downlink, and a channel quality indicator (CQI) indicat-
ing downlink channel conditions.

6. A base station for a mobile communication system
employing a multicarrier scheme, the base station compris-
ing:

a receiving unit receiving a control signal from at least one

user device; and
a restoring unit restoring the received control signal to an
original signal before transmission, wherein the control
signal from the at least one user device is extracted from
multiple frequency bands that are provided throughout a
time period of a subframe but are separated from each
other in the frequency domain;
wherein the control signal from the at least one user device
is two-dimensionally despread by a spreading code both
in a time domain and in the frequency domain,

wherein the base station also receives a data signal from the
at least one user device,

wherein the data signal is extracted from multiple fre-

quency bands provided separately from the frequency
bands of the control signal,
wherein the frequency bands for the data signal are pro-
vided throughout the time period of the subframe but are
separated from each other in the frequency domain,
wherein each of the frequency bands for the control
signal and the data signal includes subcarriers used in
orthogonal frequency division multiplexing,
wherein the subframe includes a first number of pilot trans-
mission periods for transmitting a pilot channel and a
second number of information transmission periods for
transmitting information other than the pilot channel,

wherein OFDM symbols are used to transmit information
other than the pilot channel where each OFDM symbol
includes the same CAZAC code sequence and the entire
CAZAC code sequence in a first OFDM symbol is mul-
tiplied by modulation data where the modulation data is
representative of acknowledgment information for a
downlink data channel;
wherein the control signal is received in each of the second
number of information transmission periods, and

wherein the control signal is multiplied by a spreading
code having a sequence length that equals the second
number,

wherein the control signal transmits control information

comprising of at least uplink [.1/1.2 control information,
acknowledgement/negative-acknowledgement (ACK/
NACK) information for a data channel transmitted via
downlink, and a channel quality indicator (CQI) indicat-
ing downlink channel conditions.
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7. The base station as claimed in claim 6, wherein the
control signal is transmitted in a time period allocated by time
division multiple access (TDMA).

8. The base station as claimed in claim 6, wherein

the subframe includes a predetermined number of pilot

transmission periods for transmitting a pilot channel and
a predetermined number of information transmission
periods for transmitting information other than the pilot
channel;

a signal including an orthogonal code sequence is received
in each of the information transmission periods; and
the orthogonal code sequence has a sequence length cor-
responding to a length of each of the information trans-
mission periods and the entire orthogonal code sequence

is multiplied by one factor.
9. A method performed by a base station for a mobile
communication system employing a multicarrier scheme, the
method comprising the steps of:
receiving a control signal from at least one user device; and
restoring the received control signal to an original signal
before transmission, wherein the control signal from the
at least one user device is extracted from multiple fre-
quency bands that are provided throughout a time period
of a subframe but are separated from each other in the
frequency domain;
wherein the control signal from the at least one user device
is two-dimensionally despread by a spreading code both
in a time domain and in the frequency domain,

wherein the base station also receives a data signal from the
at least one user device,

wherein the data signal is extracted from multiple fre-

quency bands provided separately from the frequency
bands of the control signal,
wherein the frequency bands for the data signal are pro-
vided throughout the time period of the subframe but are
separated from each other in the frequency domain,
wherein each of the frequency bands for the control
signal and the data signal includes subcarriers used in
orthogonal frequency division multiplexing,
wherein the subframe includes a first number of pilot trans-
mission periods for transmitting a pilot channel and a
second number of information transmission periods for
transmitting information other than the pilot channel,

wherein OFDM symbols are used to transmit information
other than the pilot channel where each OFDM symbol
includes the same CAZAC code sequence and the entire
CAZAC code sequence in a first OFDM symbol is mul-
tiplied by modulation data where the modulation data is
representative of acknowledgment information for a
downlink data channel;
wherein the control signal is received in each of the second
number of information transmission periods, and

wherein the control signal is multiplied by a spreading
code having a sequence length that equals the second
number,

wherein the control signal transmits control information

comprising of at least uplink [.1/1.2 control information,
acknowledgement/negative-acknowledgement (ACK/
NACK) information for a data channel transmitted via
downlink, and a channel quality indicator (CQI) indicat-
ing downlink channel conditions.
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